Abstract
Introduction
The di\rrpencc of the beam from a long pulse XeCl lahrr ia 01 the utmost importance for industrial application\. The active medium of thib rxcimer laser has in practice' u~ally large discharge dimensions. Thu> it i\ difficult to have a fundamental Gaussian beam that t'ills the whole discharge volume. The beam from a stable plmoconca\c resonator is therefore multimode having a rrlalivclj poor divergence. To decrease the divergence the numtw oi nscillatinp modes must be decreased to. preferably. one fundamental mode with dimensions that fill as much a\ poGble the available pain volume.
In the past different unstable resonator configurations have heen successfully applied for short pulse XeCl lahers [I-5] sure discharge [IO] . The gas mixture used during the experiments consisted of approximately I hPa HCI, IO hPa Xe and Ne as buffer gas up to a pressure of 0.5 MPa. The discharge was excited by a spiker-sustainer circuit using a 'race-track' saturable inductor as the low-inductance main switch. The 'race-track' is also used as a pulse transformer for the spiker. Fig. I shows the electrical circuit of our laser. The laser operates in the resonant overshoot mode [I I] . Typical waveforms of the X-ray preionisation pulse.
discharge voltage and discharge current are shown in Fig.  2 . The efficiency of the laser is maximal if the system operates under matched conditions. i.e. if the voltage on the pulse forming network (PFN) equals twice the steady state voltage of the discharge. The output energy can be increased quite easily by increasing the PFN voltage but then the efficiency drops. Fitted with a stable resonator consisting of a concave HR rear mirror (radius of curvature IO m) and a flat outcoupling mirror with a reflectivity of 50% the output energy is approximately 450 mJ under matched discharge conditions. Experiments with different outcoupler reflectivities have shown that a reflectivity near 207r is needed to pet a resonable output with a stable resonator. Below this minimum value the output drops dramatically.
For the near field measurements the attenuated output beam is imaged on a scintillator using a relay imaging ?I, 2 0 ?i, - Fig. 2 . Typical waveforms of the discharge voltage, discharge current, X-ray preionisation pulse and optical output puke.
system of two lenses with a focal length of 50 cm placed I m apart. The scintillator used is a thin film of a solution of sodium salicylate in water between two quartz windows. The scintillator shows a linear response to the UV input signal as long as the intensity is kept low. In our near field measurements only about I% of the beam power is allowed to fall on the scintillator to prevent nonlinear effects due to high power densities in the focus of the relay imaging system. In this intensity region the scintillator response is found to be linear with the laser intensity. However. the image intensified CCD camera which was used to obtain the image is found to have a somewhat nonlinear response. Experiments showed that the camera response is slightly nonlinear with the incident intensity. Lower intensities have a relatively larger response than higher intensities. This nonlinearity is found to be related to the CCD and not to the image intensifier so that the obtained image can be corrected for this nonlinearity using a correction function. The far field pattern is measured by focussing the attenuated beam (attenuation < 0.05%) on the scintillator using a concave mirror with IO m radius. To obtain the image the CCD camera has been equipped with a tnicroscope objective.
Due to the small gate time of the camera, down to 5 ns, it is possible to look at the time evolution of the optical pulse which lasts approximately 200-250 ns when a stable resonator is used and approximately IS0 ns when unstable resonators are used. Fig. 2 shows a typical waveform for the optical output pulse when a stable resonator is used.
High reflectivity hard edge unstable resonators
Hard edge unstable resonators are resonators where the outcoupling mirror shows a step in the reflectivity profile. If the central spot on the outcoupling mirror has high reflectivity (HR) the outcoupled near field is ring-shaped with practically no energy in the center of the beam. Fig. 3 shows the near field beam profile for a resonator with a geometric magnification M of 2.3 and a central HR spot 
Partial reflecting hard edge unstable resonators
Calculations predict that the side lobe energy can be reduced by lowering the reflectivity of the central spot on Table I having more side lobes in the vertical direction than in the horizontal direction.
Phase unifying unstable resonators
If a beam passes a partial reflecting hard edge outcoupling mirror a phase difference between the central part (i.e. the part that passes through the reflecting coating) and the outer part (i.e. the part that passes beside the reflecting coating) can occur. This transmission phase difference between the central spot and the rest of the mirror can be decreased by using the so-called phase unifying mirrors [ 15,161. As mentioned before the 45% outcoupling mirror showed a phase difference of nearly r. Thus experiments were performed with a resonator with a magnification of M = 1.6 having a phase unifying outcoupling mirror with a central reflectance of 45%. Interferometric measurements on this mirror show only a very small phase difference. Calculated from the coating there is a phase difference of only 0.16~. Fig. 8 shows typical results. It is clearly seen that the output beam from the phase unifying resonator has a better focus than the non-phase unifying resonator. The non-phase unifying resonator shows a lot more side structure than the phase unifying resonator. The output energy from the phase unifying resonator is a little higher than from the normal hard edge resonators: 399 mJ in a I60 ns pulse. The diffraction angle of the beam is comparable to the diffraction angle as mentioned in Table I for the 111 = I.6 resonator with a 45% outcoupler: 34 prad, however approximately 80%' of the energy is found in the central peak instead of less than 30% for the standard mirror resonator. Thus resulting in higher brightness: 7.0 X IO" W/cm' sr under matched discharge conditions and I.4 X IO" W/cm' sr at maximum energy loading of the discharge.
Conclusions
It has been demonstrated that with a high retlectivity hard edge unstable resonator having a magnification of 2.4 a nearly diffraction limited beam (TDL = 1.3) can be obtained from our low gain, long pulse XeCl-excimel laser. Under matched discharge conditions the brightness of the pulse is 5.5 X IO" W/cm' sr. The maximum obtained brightness was I.7 X IO" W/cm' sr.
The side lobe energy in the far field energy distribution can be reduced by using partial retlecting outcoupling mirrors. This lead:, to a small increase in divergence angle. but if the geometrical feedback is kept constant the brightness of the beam increases due to higher central peak energy. However. in the case of partial reflecting outcoupling mirrors the coating can cause phase problems as we have seen with the 35% mirrors. It has been shown that these phase problems can be avoided by using phase unifying mirrors. Due to lower side lobe energy and lower diffraction effects at the beam edge the brightness of the beam from a 45% reflectivity phase unifying resonator with a magnification of 1.6 is 7.0 X IO" W/cm'sr.
The maximum obtained brightness with the phase unifying resonator was I .4 X IO" W/cm' sr.
